[1] The Southern Irumide Belt (SIB) is a structurally and metamorphically complex region of mainly Mesoproterozoic igneous rocks in southern and eastern Zambia, northern Mozambique and northern Malawi that was strongly overprinted in the Neoproterozoic to Cambrian Damara-Lufilian-Zambezi (DLZ) orogeny. Because of the scarcity of geological data from this region, little is known about the timing of tectonomagmatic events; however, this belt has traditionally been considered to be a southerly continuation of the adjacent Irumide Belt (IB). Here we provide 27 new U-Pb sensitive high-resolution ion microprobe (SHRIMP) zircon ages that constrain the Paleoproterozoic to Cambrian tectonomagmatic history of this belt and which, for the first time, allow for direct comparison with the adjoining IB. The SIB is floored by a predominantly late Paleoproterozoic basement, which was intruded by voluminous continental margin arc-related magmas between 1.09 and 1.04 Ga and accompanied by high-temperature/ low-pressure metamorphism. In contrast, the IB is floored by a late Paleoproterozoic basement that is generally older than 2.0 Ga, contains significant midMesoproterozoic plutonic rocks that are not present within the SIB, and underwent moderate-pressure/ moderate-temperature compressional metamorphism and S-type granitoid magmatism at circa 1.02 Ga. These data indicate that the crust underlying the SIB is not a continuation of that underlying the IB but represents an allocthonous continental margin arc terrane juxtaposed against the Congo-TanzaniaBangweulu Craton during the late Mesoproterozoic Irumide orogeny. Reworking and shearing of the SIB occurred during the DLZ orogen, resulting in the present-day architecture as a series of stacked terranes which have been exploited by voluminous posttectonic granitoid batholiths. Citation: Johnson, S. P., B. De Waele,
Introduction
[2] The Irumide Belt and Southern Irumide Belt of Zambia comprise a series of Mesoproterozoic structural terranes of high-grade gneisses and supracrustal units along the southern margin of the central African Congo-TanzaniaBangweulu Craton (hereafter the CTB Craton), but specifically, the Paleoproterozoic Bangweulu Block (Figure 1a) . The presence of Permo-Triassic ''Karoo'' graben between these two tectonic provinces precludes direct correlations between them, and it is entirely possible that these younger rifts conceal an important suture along this margin of the CTB Craton (Figure 1 ). To the east and west, Neoproterozoic tectonism of the East African and Damara-LufilianZambezi (DLZ) orogens respectively (Figure 1a ), have thoroughly affected the region, largely obliterating any pre-Pan African fabrics and this deformation was followed by the intrusion of numerous late Neoproterozoic-Cambrian igneous complexes Haslam et al., 1986; Johns et al., 1989] .
[3] The Irumide Belt (IB) is a NE-SW trending belt composed of Paleoproterozoic to Meosproterozoic rocks. The mid-Paleoproterozoic granitoid basement known as the Bangweulu Block [Anderson and Unrug, 1984] is overlain by a thick sequence of late Paleoproterozoic supracrustal and volcanic units termed the Muva Supergroup [Daly and Unrug, 1982] . During both the middle and late Mesoproterozoic these basement units were intruded by a series of S-type granitoids [De Waele et al., 2006] and during the late Mesoproterozoic event, magmatism was accompanied by compressional tectonometamorphism, i.e., the Irumide orogeny [De Waele, 2005] . Throughout the entire Paleoproterozoic and Mesoproterozoic, it is evident that this margin of the CTB Craton, i.e., the IB and Bangweulu Block, was never an active margin [De Waele et al., 2006] .
[4] The Southern Irumide Belt (SIB) is a relatively new term introduced by Johnson et al. [2005] to describe a wide variety of variably metamorphosed igneous and metasedimentary lithologies which are distinct from the monotonous Irumide Belt (in the strictest sense) granitoids (Figure 1 ). However, geological knowledge of the Southern Irumide Belt remains fragmentary. The belt, which is currently best defined in southern and eastern Zambia, passes into the poorly known regions of Mozambique and northern Malawi (Figure 1 ) where various Rb-Sr and Sm-Nd whole rockmineral isochrons and zircon Pb evaporation dates reveal the presence of Mesoproterozoic protoliths [Kröner et al., 1997; Evans et al., 1999] . On the basis of a reconnaissance study, Mapani et al. [2001 Mapani et al. [ , 2004 Terrane subdivision of the Irumide orogen in Zambia: A testable tectonic hypothesis, submitted to Tectonophysics, 2006, hereinafter referred to as Mapani et al., submitted manuscript, 2006 ] divided the SIB in Zambia into several terranes on the basis of lithotype, geochemical characteristics, limited laser ablation inductively coupled mass spectrometer (LA-ICPMS) U-Pb zircon ages and the presence of bounding shear zones. The orientation of these terrane boundaries are generally transverse to the predominant fabrics within the IB. Based mainly on the geochemical composition of igneous lithologies, these terranes are interpreted to represent island arcs, associated sediments and one or more exotic continental block(s) that accreted to the CTB Craton margin during the late Mesoproterozoic Irumide orogeny [Mapani et al., 2001 [Mapani et al., , 2004 . In this paper we test the terrane subdivisions of Mapani et al. [2001 Mapani et al. [ , 2004 Mapani et al. [ , also submitted manuscript, 2006 and provide supporting evidence from geochronological data. The sample locations were carefully selected in an effort to characterize each terrane and test correlations between the various segments of the belt. The data also allow, for the first time, a comparison between the Southern Irumide Belt and the Irumide Belt to the north.
Terrane Subdivision

Chewore-Rufunsa Terrane
[5] The Chewore-Rufunsa Terrane (indicated as C-R in Figure 1 ) is composed of a wide variety of calc-alkaline mafic to felsic gneisses, metavolcanic rocks and associated metasediments. In the northern part of the terrane, around the town of Rufunsa (R on Figure 1 ), greenschist-facies volcanic rocks [Barr, 1974] with intercalated quartzite and pelite can be traced southward into progressively higher metamorphic grades that culminate in the upper amphibolite to locally granulite-facies along the Zambezi escarpment and in basement horsts of the Chewore Inliers (CI on Figure 1 ). The superposition of Neoproterozoic fabrics on the Mesoproterozoic rocks makes interpretation of the prePan African structural metamorphic history especially cryptic. However, a wealth of recent geochemical, isotopic and geochronological data from the Chewore Inliers [Goscombe et al., 2000; Johnson and Oliver, 2004; Johnson et al., 2006a, S. P. Johnson et al., Geochemistry, geochronology and isotopic evolution of the Chewore-Rufunsa Terrane, Southern Irumide Belt: A Mesoproterozoic continentalmargin-arc, submitted to Journal of Petrology, 2006, hereinafter referred to as Johnson et al., submitted manuscript, 2006] and the Zambian Zambezi Escarpment [Johnson et al., 2006a [Johnson et al., , also submitted manuscript, 2006 indicate that these volcano-plutonic lithologies formed in a continental margin arc setting between circa 1090 -1040 Ma. Furthermore, the presence of a circa 1393 Ma [Oliver et al., 1998 ] marginal basin ophiolite in the Chewore Inliers points to the possibility of long-lived suprasubduction zone magmatism in this region. Whole rock isotopic model ages [Johnson et al., 2006a [Johnson et al., , submitted manuscript, 2006 and abundant inherited zircon extracted from the arc rocks [Goscombe et al., 2000; Johnson et al., 2005] indicate that the continental arc was built predominantly on juvenile Paleoproterozoic crust with a minor Archaean age component. Low Th/U zircon overgrowths, interpreted to have formed during the peak of low-pressure/high-temperature granulite-facies metamorphism [Goscombe et al., 2000] , have ages similar to the igneous cores which they overgrow (1.08 Ga) [Goscombe et al., 2000] suggesting that localized high-temperature metamorphism was the result of intensive magma loading of the crust. Neoproterozoic to Paleozoic high-pressure metamorphism and structural overprinting is recorded by metamorphic zircon and monazite growth between circa 570-515 Ma (data summarized by Johnson et al. [2005] ). Since there is a wealth of high-precision igneous crystallization and metamorphic geochronological data from this terrane, we have not dated any additional lithologies in this study.
Luangwa-Nyimba Terrane
[6] The Luangwa-Nyimba Terrane (L-N on Figure 1 ; see also Figure 2 ) is dominated by supracrustal rocks including pelitic migmatite (Figure 3a ) and quartzite with minor mafic to intermediate volcanic horizons [Agar and Ray, 1983] . Plutonic igneous rocks are restricted to a few isolated occurrences of posttectonic granite and basement inliers Mapani et al. [2001 Mapani et al. [ , 2004 and are abbreviated as follows: C-R, Chewore-Rufunsa Terrane; L-N, LuangwaNyimba Terrane; P-S, Petauke-Sinda Terrane; Chp, Chipata Terrane. Other abbreviations are C, Chipata Town; CI, Chewore Inliers; LTN, Lake Tanganyika; N, Nyimba Town; P, Petauke Twon; R, Rufunsa Town. ( Figure 2 ). Both upper and lower contacts of the LuangwaNyimba Terrane are interpreted to be ductile thrusts and stretching lineations on the lower thrust, the Luangwa Thrust (Figure 2 ), suggest that the Luangwa-Nyimba Terrane was thrust over the Chewore-Rufunsa Terrane from ESE to WNW (Mapani et al., submitted manuscript, 2006) ; however, the age of this thrusting event is unknown. Igneous zircon extracted from dioritic to granodioritic gneiss, interpreted to be basement to the metasediments, have been dated by LA-ICPMS at circa 2.6 Ga (sample i-8 in Figure 2 ) while thin, low Th/U metamorphic zircon rims around these igneous zircon have an age of circa 1.04 Ga [Cox et al., 2002; Mapani et al., submitted manuscript, 2006] . Detrital zircon extracted from nearby quartzite (sample i-9 in Figure 2 ) reveal age peaks at circa 2.6 Ga and 2.2 Ga [Cox et al., 2002; Mapani et al., submitted manuscript, 2006] suggesting that they were derived locally from the underlying basement. Currently there are few age constraints for the timing of deposition of these metasediments, but the youngest detrital grain dated at circa 2.2 Ga provides a maximum age of deposition. In general the metamorphic grade increases from lower amphibolite facies in the east to upper amphibolite facies in the west, but we have noted migmatized pelitic assemblages at the eastern margin (structural top) of the terrane suggesting that younger metamorphic overprinting resulted in a complex regional metamorphic pattern.
Petauke-Sinda Terrane
[7] The western portion of the Petauke-Sinda Terrane is dominated by carbonate, calc-silicate, quartzofeldspathic paragneiss and granitic orthogneiss (Figure 2 ) all of which are moderately to strongly deformed. The central and eastern parts comprise granitoid batholiths that invariably show a strong magmatic banding ( Figure 3b ) and are intruded by equigranular syenitic stocks such as the Lusandwa Syenite (Figure 2) . One of these batholiths, the Sinda Granite, yielded a poorly constrained Rb-Sr age of 489 ± 42 Ma [Haslam et al., 1986] suggesting they may be posttectonic with respect to the Pan African deformation. The bedrock around the town of Petauke (P on Figure 2 ) is poorly exposed but rare outcrops are comprised predominantly of very coarse-grained quartz-feldspar pegmatite with rare 20 to 30 cm patches of equigranular, fine-to medium-grained granite, presumably the host into which the pegmatites intruded. In this region, Phillips [1960] also described sparse outcrops of highly deformed basement orthogneisses (Nyanji Gneiss), one of which (sample i-26 in Figure 2 ) has been dated by LA-ICPMS at 1.13 Ga [Cox et al., 2002] , and at the same outcrop, a folded cross cutting granite sheet was dated at circa 1.12 Ga [Cox et al., 2002] .
The northern part of the Petauke-Sinda Terrane is composed of porphyritic granitoids that are unconformably overlain by a thin sequence of intercalated quartzite and andesitic volcanics known as the Sasare volcanics [Barr and Drysdall, 1972] . The timing of volcanic activity and age of the basement remain unresolved at present. In the west, the contact with the underlying Luangwa-Nyimba Terrane has long been recognized as a thrust, the Nyimba Thrust (or the Mchimadzi lineament), and the lithologies in this region are strongly deformed, carry a penetrative planar and linear fabric (Mapani et al., submitted manuscript, 2006) , and have been metamorphosed to at least midamphibolite facies. Similar metamorphic conditions were attained in the central parts of the terrane, but the granitoid batholiths and syenitic stocks show no evidence for metamorphism or brittle/ductile deformation. Again the age of the various tectonometamorphic/magmatic event(s) are currently unconstrained.
Nyamadzi Shear Zone
[8] The eastern margin of the Petauke-Sinda Terrane and western margin of the Chipata Terrane are marked by lithologies with intense ductile planar and linear fabrics. This zone is some 30km wide and forms a predominant feature on the aeromagnetic maps of southern and eastern Africa (SADC data) and Zambia (SADC data) (Figures 4a  and 4b ) where it can be traced for at least 100 km before being truncated by Karoo grabens. We have named this previously unrecognized shear zone the Nyamadzi Shear Zone (NSZ) after the Nyamadzi River along which the parts of the shear zone are well exposed. The planar fabrics in the zone are generally northeast-southwest oriented with nearvertical inclinations, with shallow, north or south plunging lineations; however, shear sense indicators are rare and the dominant movement direction has yet to be identified. The zone contains a wide variety of lithologies ranging from pelitic migmatite, hornblende gneiss, porphyritic to ultramylonitic granite and highly deformed quartzite to kilometer-scale, isolated mafic igneous gabbro and amphibolite (Figures 2 and 3c -3h) of varying metamorphic grade; however, there are currently no age constraints for any of these lithologies, for the age of metamorphism nor the age of shearing. The NSZ has been stitched by undeformed syenite stocks of the Lusandwa Syenite, one of which (sample i-30 in Figure 2 ) has yielded a zircon and monazite LA-ICP-MS age of $510 Ma (R. A. Cox et al., personal communication, 2002) .
Chipata Terrane
[9] The Chipata Terrane is by far the most distinct and lithologically complex of all the terranes. It consists pre- Figure 2 . Compilation of the Zambia Geological Survey Department 1:250,000 regional maps [Vavrda, 1974; Agar and Ray, 1983] . The geological map shows the distribution and age of samples dated in this study and those dated by LA-ICPMS [Cox et al., 2002; Mapani et al., submitted manuscript, 2006] . In addition to latitude and longitude, the local UTM grid is also shown. These grid reference numbers are prefixed by 36L and are in the ARC1950 datum. Town abbreviations are the same as in Figure 1 except LS, Lusandwa Syenite. Terrane boundary thrusts and thrust movement directions are taken from Mapani et al. [2001 Mapani et al. [ , 2004 Mapani et al. [ , also submitted manuscript, 2006 . dominantly of variably retrogressed mafic, felsic and pelitic granulite, with subordinate hornblende-biotite gneiss, variably deformed granitoid and undeformed syenite. Hypersthene-bearing granitoids (charnockites) with abundant garnet-pyroxene-bearing mafic boudins (Figures 5a -5g ) predominate, while garnet-and cordierite-bearing pelitic granulites indicate that these lithologies underwent hightemperature/moderate-pressure tectonometamorphism Appel, 2001, 2002] . Metamorphic monazite from pelitic granulite in the Chipata Terrane (unknown locality) has been dated at circa 1046 Ma Appel, 2001, 2002] . In places, the granulites are crosscut and retrogressed along high-strain amphibolite-facies shear zones. The contact zones between the granulite and lower- Table 1 , and Text S1. grade hornblende and biotite gneisses are not exposed and the relationship between them is unclear. In general the lower-grade gneisses were derived from highly deformed K-feldspar-bearing porphyritic augen granite (Figures 5a  and 5b ), but in places it is clear that some of the gneisses have a sedimentary parentage. The augen gneisses are locally intruded by decimeter-scale, undeformed amphibolite dikes and coarse-grained, syenite (Figure 5a ). There is evidence for magma mingling between the mafic and syenitic melts (Figures 5a -5c ) indicating that they were intruded contemporaneously. Limited geochemical data indicate that the augen gneisses are calc-alkaline whereas the mafic amphibolites suggest formation in a continental extensional setting Mapani et al., submitted manuscript, 2006] . Occasionally there are isolated outcrops of undeformed K-feldspar-bearing porphyritic granite (Figure 5f ) and garnet-bearing pelitic migmatite (Figure 5g ) but their relation to the surrounding granulite/gneiss and timing of intrusion/migmatization are not known.
[10] The 1:250,000 geological map of the Chipata area ( Figure 2 ) [Vavrda, 1974] indicates that the granulites and gneisses are intruded by a series of 20-to 50-km-wide biotite granites (e.g., the Mboza, Msosoka, and Ntimba granites) and elongate syenite bodies (e.g., the Lunkwakwa Syenite). The biotite granites are generally coarse-grained and equigranular ( Figure 5e ) and locally contain a mild fabric, presumably of magmatic origin. A finer aplitic biotite granite is occasionally observed to intrude the coarse grained phase. Igneous zircon from one of these leucogranites (sample i-36 in Figure 2 ) has been dated by LA-ICPMS at circa 0.94 Ga (R. A. Cox et al., personal communication) . The syenites appear to be similar to those that form part of the Petauke-Sinda Terrane, but confirmation of their similar age awaits further work.
Sample Locations and Descriptions
Luangwa-Nyimba Terrane
[11] One sample was collected from the LuangwaNyimba Terrane (NY82). It is a pelitic migmatite from a road cutting along the Great East Road (Table 1, Figures 2  and 3a) . The sample is a coarse-grained (1 -5 mm) biotite dominant (50 -60%) quartz-feldspar gneiss that contains local 10-to 20-cm-long, 5-to 8-cm-thick quartz (40%) and feldspar (60%) melt pockets (leucosomes) (Figure 3a) . Small, 0.5 mm diameter garnet porphyroblasts are randomly distributed throughout the biotite gneiss and are concentrated (10 -20%) in biotite selvages surrounding the melt pockets. The rock carries a strong southwest dipping foliation defined by aligned biotite and quartz-feldspar aggregates, and the elongate melt pockets.
Petauke-Sinda Terrane and Its Eastern Shear Zone
[12] Nine samples were collected from the Petauke-Sinda Terrane, including eight granitoids (PS17, PS18, PS19, PS65, PS71b PS73, PS76 and PS78) and one syenite (PS28). Five samples of various character, metamorphic grade and deformation state were collected from the 30-kmwide shear zone that affects the eastern margin of this terrane (SZ16, SZ23, SZ25c, SZ26 and SZ27). 3.2.1. Samples PS17, 18, 19, 28, and 76 [13] Sample PS17 was collected from the Sinda Granite, which is an unfoliated, coarse-grained, K-feldspar-phyric granite with a strong primary magmatic layering defined by the alignment of microcline phenocrysts (Table 1 and Figures 2 and 3b) . The matrix is composed of coarsegrained (2 -4 mm) plagioclase and quartz with minor, randomly oriented biotite (<5%). The K-feldspar phenocrysts comprise 30-40% of the rock and, although strongly aligned, do not display any evidence for postmagmatic recrystallization or deformation suggesting that the fabric is of magmatic origin. Sample PS18 is a coarse-grained (2 -4 mm) equigranular granite (Table 1 and Figure 2 ) that is compositionally similar to the Sinda Granite, but lacks K-feldspar phenocrysts. Sample PS19, the Lusandwa Syenite, is much finer grained (<1 mm) but compositionally similar to granitoid PS18 (Table 1 and Figure 2 ) and is equigranular. Sample PS28 is a representative sample of the Pule Syenite and is an equigranular, coarse-grained (2 -4 mm), undeformed hornblende-biotite-K-feldspar syenite (Table 1 and Figure 2 ). Sample PS73 was collected from Petauke Town (Figure 2 ) and is representative of a 20-30 cm patch of equigranular, medium-grained (1 -2 mm) biotite-feldspar-quartz granitoid that forms the basement into which numerous pegmatites have intruded (Table 1 and Figure 2 ). Sample PS76 is also a medium-grained (1-2 mm) equigranular biotite-feldspar-quartz granitoid similar to PS73 (Table 1 and Figure 2 ).
Sample PS78
[14] The Hofmeir Gneiss is a strongly deformed coarsegrained quartzofeldspathic orthogneiss collected close to the boundary with the Nyimba Terrane (Table 1 and Figure 2 ). The dominant foliation is oriented northwest-southeast and steeply dips toward the northeast. This fabric is essentially parallel to the Nyimba (Mchimadzi) terrane bounding thrust and may have attained its fabric during thrust movement. The gneiss is composed of elongate aggregates of quartz (30%) and plagioclase (40%) with aligned biotite Figure 4a . However, this map lacks coverage in some regions (i.e., the black region centered on the Petauke-Sinda Terrane). The Nyamadzi Shear Zone is clearly defined by very strong magnetic lineaments. Also note the strong east-west trending lineament which may correspond with the Sasare volcanics ( Figure 2 ) which have previously been interpreted as a rift-related volcanic feature [Barr and Drysdall, 1972] . Our data suggest that this rifting event may have occurred at circa 720 Ma. This lineament is truncated by the Nyamadzi Shear Zone, dated here between 535 and 510 Ma. Table 1 , and Text S1. (30%) blades that define the strong foliation. A dominant lineation is defined by the long axes of the quartz-feldspar aggregates.
Samples PS65 and 71b
[15] Many samples were collected from the Sasare Volcanic region including numerous examples of the andesitic volcanics; however, the andesitic and low silica rocks did not contain zircon, thus a direct age for the volcanic activity could not be obtained. However, we did manage to separate zircon from a coarse-grained (1-5 mm) equigranular, porphyritic K-feldspar-dominant ($70%), biotite (20%) and quartz (10%) bearing granitoid (PS65), which is interpreted to form the basement to the thin volcano-sedimentary succession. The granite was collected close to the current Katanga Resources mining camp (Table 1 and Figure 2 ). Zircon was also extracted from a strongly deformed, porphyritic K-feldspar-bearing granite gneiss (PS71b) ( Table 1 and Figure 2 ). The gneiss is composed of aligned, 4-to 5-mm-long, K-feldspar porphyroclasts (30% of the rock volume) that are set within a fine-grained (<1 mm) matrix of biotite (60%), quartz (30%), and plagioclase (10%). The biotite is strongly aligned and defines the tectonic fabric, which wraps around the aligned and variably deformed K-feldspar porphyroclasts. 3.2.4. Samples SZ16, 23, 25c, 26, and 27
[16] Many traverses were conducted through the Nyamadzi Shear Zone, but it is generally poorly exposed. We managed to separate zircon from five distinctly different samples. Sample SZ16 is a layered garnet-bearing pelitic migmatite (Table 1 and Figures 2 and 3c ). This migmatite is layered on the 1 -5 cm scale with the leucosome (60%) being composed of quartz (40%), plagioclase (55%) and garnet (5%) and the melanosome (40%) comprised predominantly of biotite (90 -95%) with small (0.5 mm) randomly distributed garnet porphyroblasts. Although the unit is strongly banded/layered there is little evidence for high shear strains, i.e., the biotite blades are only weakly aligned. Sample SZ23, the Mtanzi Gneiss, is a strongly deformed leucocratic plagioclase (60%), quartz (35%) and biotite (<5%) bearing orthogneiss that contains thin (1 -10 cm thick) amphibolite bands (Table 1 and Figures 2 and 3d ). The unit carries both a foliation, defined by aligned aggregates of plagioclase and quartz and aligned biotite, and shallow south plunging lineation defined also by the quartzplagioclase aggregates. The amphibolite layers are parallel to the dominant foliation. In one traverse a porphyritic granitoid with randomly oriented K-feldspar augen up to 8 cm in length ( Figure 3f ) can be traced into the high strain zone where upon the augens are progressively flattened, stretched out and ductily deformed (Figure 3g ) until the unit becomes an ultramylonite ( Figure 3h ). This ultramylonite is the predominant rock type in this region and demonstrates that the regional shear strains are extremely high. Sample SZ25c was collected from an ultramylonite portion of the gneiss (Table 1 and Figure 2 ). Sample SZ26, the Nyamadzi Gneiss, is an intensely deformed garnetiferous quartz-biotite orthogneiss ( Figure 3e ) that was collected from along the Nyamadzi River. The rock is comprised predominantly of biotite (85%), quartz (10%) and garnet (5%) but contains <0.5 mm to 1.0 cm, discontinuous bands of quartz (30% of the rock volume), which along with aligned biotite in the main unit, define a composite foliation/banding. The rock is intruded by various amphibolite, aplitic and pegmatitic dikes (Table 1 and Figure 2 ). Sample SZ27, the Wutepo Gneiss, is fine-grained (<1 mm) cordierite-bearing quartzofeldspathic gneiss that contains a mild tectonic foliation defined by aligned biotite (Table 1 and Figure 2 ).
Chipata Terrane
[17] A total of twelve samples of differing composition, metamorphic grade and deformation state were selected for dating from this terrane.
Samples CHP2a and 2c
[18] Samples CHP2a and c were collected from a small roadside quarry near the Zambia-Malawi border (Table 1 and Figure 2 ). Sample CHP2a is a strongly deformed Kfeldspar-phyric augen gneiss (Figures 5a and 5b) into which a contemporaneous, equigranular mafic-syenitic body was intruded (Figures 5a and 5c ). The augen gneiss (CHP2a) is composed of now elongate (1 -15 cm) and flattened (5-15 mm) K-feldspar phenocrysts (30%) set within a feldspar, quartz and biotite matrix. The K-feldspar augen have been ductilely deformed, and along with aligned biotite in the matrix, define a composite foliation/banding. This gneiss is intruded by a 10-m-wide, apparently undeformed, mafic amphibolite dike (Figure 5a ), the core of which contains a medium grained (1 -2 mm) equigranular, K-feldspar-rich (80 -90%) syenite (CHP2c) (Figure 5c ). The boundaries between the amphibolite and the syenite are diffuse and there is evidence for mixing/mingling of these two magmas suggesting that they are contemporaneous. The amphibolite dike has a millimeter-sharp contact with the augen gneiss and the alignment of hornblende and biotite in the dike margins suggest that this contact has been intensely sheared.
Sample CHP3
[19] The Lunkwakwa Syenite was collected at an army post some 5 km to the west of the previous samples (Table 1 and Figure 2 ) and is a medium-to coarse-grained (1-5 mm) K-feldspar (50%) -biotite (30%) -hornblende (20%) bearing syenite. The biotite and hornblende form elongate clots and aggregates that define a penetrative fabric. 3.3.3. Samples CHP4a, 4b and 5
[20] These samples were collected from Madzimoyo Quarry (Table 1 and Figure 2 ). Samples CHP4a and b were collected from the main (western) quarry and are representative of charnockite and a mafic garnet-granulite enclave, respectively (Figure 5d ). The charnockite (CHP4a) is a layered gneiss, comprising pink layers of quartz, perthite, microcline, plagioclase, biotite, garnet and hypersthene, and discontinuous dark layers composed mainly of biotite, magnetite and plagioclase. The mafic enclave (CHP4b) consists of biotite, garnet and hypersthene, and is in sharp contact with the gneiss. Sample CHP5 was collected from the eastern quarry, located next to the roadside, and is also a charnockite, consisting of a pink and gray layered hypersthene bearing K-feldspar gneiss. All samples from both Madzimoyo Quarries carry an intense planar fabric defined by the alignment of the mafic minerals such as biotite and pyroxene and in the felsic units, additionally by clots, trains, and aggregates of quartz-feldspar and garnet. 3.3.4. Samples CHP6a, 12, and 13
[21] The Leopard Granite (CHP6a) is weakly layered biotite granite (Figure 5e ) collected close to the ZambiaMalawi border (Table 1 and Figure 2 ) and comprises plagioclase (50%), quartz (10%) with clots and aggregates of biotite (40%) that are locally vertically elongated; however, the biotite is randomly oriented within these clots suggesting that the banding is of magmatic rather than tectonic origin. The main Leopard Granite contains a finer-grained ($1 mm) phase of similar composition that forms subvertical dikes. The biotite is randomly oriented within these aplitic units and the margins with the main coarse phase are diffuse suggesting a magmatic rather than tectonic origin. Another two biotite granites (CHP12 and CHP13) were sampled some 50 km to the east and north, respectively (Table 1 and Figure 2 ). Similar to the Leopard Granite, both these units are composed of plagioclase (50%) and quartz (10%) with clots and trains of randomly oriented biotite (40%). 3.3.5. Samples CHP8 and 10
[22] Two undeformed porphyritic granites were collected from two localities. CHP8 was collected close to the contact between the Mtetezi Granulite and the surrounding augen gneisses (Table 1 and Figure 2 ). This granite is composed of a coarsely grained (2 -5 mm) quartz (40%) feldspar (50%) and biotite (10%), equigranular matrix containing randomly oriented, 2-to 5-cm-long, K-feldspar phenocrysts (20%). CHP10 (Table 1 and Figures 2 and 5f ), a K-feldspar porphyritic granite, was collected some 10 km to the southeast. This granitoid contains up to 60%, 2-to 4-cmlong, randomly oriented, K-feldspar phenocrysts set within a coarse-grained (2 -3 mm), equigranular matrix of quartz (40%), plagioclase (50%) and biotite (10%).
Sample CHP11a
[23] Zircon were also extracted from a leucocratic portion of the Mpangwe Migmatites (CHP11a), which are situated some 10kms to the south of CHP10 (Table 1 and Figure 2 ). These migmatites are strongly foliated and layered (Figure 5g ), the leucosomes are composed of deformed quartz (40%) and plagioclase (60%) and the melanosomes from aligned biotite (70%), plagioclase (10%) and 1 -2 mm diameter garnet porphyroblasts (20%). The leucosomes, which are between 1 cm and 20 cm in thickness, comprise roughly 30% of the rock volume and are parallel to the tectonic fabric defined by the aligned minerals in the melanosome. This migmatite is intruded by numerous 10-to 30-cm-thick aplites and pegmatites that truncate the main gneissic layering.
Zircon U-Pb Sensitive High-Resolution Ion Microprobe Geochronology
[24] Considering the large number of samples analyzed, only a brief summary of the U-Pb data will be presented here. Detailed descriptions of the sensitive high-resolution ion microprobe (SHRIMP) analytical methods and conditions, zircon morphology, cathodoluminescence (CL) imaging, U, Th and common Pb contents and a detailed analyses of the age regressions are presented in Text S1 in the auxiliary material. 
Luangwa-Nyimba Terrane
[25] Sample NY82 (pelitic migmatite) yielded abundant zircon ranging in size from 100 to 300mm and their morphology suggests they are of detrital origin. All of the grains appear to have been derived from igneous protoliths ( Figure 6 and Text S1) although some grains contain wide, sector-zoned, low Th/U rims that may be of metamorphic origin [Rubatto and Gebauer, 2000] . Seventeen analyses were conducted on 15 grains. The core regions of the zircon grains have a range of variably discordant Archaean and Paleoproterozoic ages. Two Archaean grains define a coherent set of analyses that correspond to a concordia age of 2617 ± 20 Ma ( Figure 7 and Pb ages that range between circa 2641 -2554 Ma. Nine Paleoproterozoic grains loosely define a regression toward an upper intercept age of 1967 ± 13 Ma ( Figure 7 and Table 2 ) suggesting derivation from a relatively homogeneous igneous source. Two low Th/U rims ( Figure 7 and Table 2 ) are dated at circa 1843 ± 15 Ma (analyses 10r) and 1057 ± 5 Ma (analyses 7r), suggesting metamorphic events at these times; however, more data are needed to confirm this. U ratio that allows the calculation of a concordia age of 479 ± 9 Ma (mean square weighted deviation (MSWD) = 0.15) (Figure 7 ) which we interpret to be the age of crystallization of the granite.
Sample PS18 (Equigranular Granite)
[27] Similar to PS17, all the zircon appear to be of igneous origin with at least two phases of igneous growth ( Figure 6 and Text S1). All five analyzed grains define a concordia age of 510 ± 6 Ma (MSWD = 1.5) (Figure 7 ) which we interpret to be the age of crystallization of the granite.
Sample PS19 (Lusandwa Syenite)
[28] All the zircon are of igneous origin ( Figure 6 and Text S1) with all four analyzed grains defining a concordia age of 494 ± 5 Ma (MSWD = 0.004) (Figure 7 ) which records the timing of crystallization of the syenite.
Sample PS28 (Pule Syenite)
[29] Again all of the zircon have an igneous origin ( Figure 6 and Text S1) with all five analyzed grains producing a concordia age of 495 ± 10 Ma (MSWD = 5.4) (Figure 7 ) and nearly identical weighted mean U; all ratios and ages are corrected for common Pb using measured 204 Pb and composition appropriate to the age of the zircon [Stacey and Kramers, 1975] . b Analyses were conducted during six different sessions as follows: A, 16 TEM2 standard analyses yielded a 2s error of the mean of 0.86%; B, 18 TEM2 standard analyses yielded a 2s error of the mean of 1.07%; C, 15 TEM2 standard analyses yielded a 2s error of the mean of 0.52%; D, 17 CZ3 standard analyses yielded a 2s error of the mean of 0.51%; E, 14 CZ3 standard analyses yielded a 2s error of the mean of 0.61%; F, 19 CZ3 standard analyses yielded a 2s error of the mean of 0.78%; and G, 11 CZ3 standard analyses yielded a 2s error of the mean of 0.79%. Figure 7 . Tera-Wasserburg U-Pb Concordia diagrams for the Nyimba and Petauke-Sinda Terrane samples. A detailed description of zircon morphology and data regression can be found in Text S1.
TC6004
The lower MSWD on the weighted mean age attests to the coherence of the data and we interpret this age to represent the crystallization age of the granitoid.
Sample PS65 (Katanga Resources Granite)
[30] All six analyzed grains have igneous features (Figure 6 and Text S1) and define a tight cluster on concordia (Figure 7) corresponding to a concordia age of 1043 ± 14 Ma (MSWD = 5.2) which is the best estimate for the timing of crystallization of the granitoid. 4.2.6. Sample PS71b (Porphyritic Granite)
[31] Again all five analyzed zircon grains are consistent with crystallization from an igneous protolith (Figure 6 and Text S1) at 720 ± 12 Ma (concordia age with an MSWD = 2.4, Figure 7 ). 4.2.7. Sample PS73 (Petauke Granite)
[32] Six igneous ( Figure 6 and Text S1) zircons were analyzed and provided a concordant age of 504 ± 7 Ma (MSWD = 4.5) (Figure 8 ).
Sample PS76 (Equigranular Granite)
[33] Most zircon grains have typical igneous characteristics but some appear to be sector zoned ( Figure 6 and Text S1) while other grains are surrounded by unzoned rims. Six analyses were conducted on five grains, including one core-rim pair; however, the core and rim analyses show no age difference, with all the data defining a tight concordant cluster with a concordia age of 474 ± 8 Ma (MSWD = 0.02, Figure 8 ) which we take to be the crystallization age of the granitoid.
Sample PS78 (Hofmeir Gneiss)
[34] Most zircon grains are complex comprising an igneous core surrounded by a dark CL rim ( Figure 6 and Text S1). Nine analyses were conducted on eight zircon, including one core-rim pair and one analysis on a rim. The igneous cores have a concordia age of 742 ± 13 Ma (MSWD = 1.4, Figure 8 ) whereas the two rims define a younger age group with concordia age of 536 ± 10 Ma (MSWD = 0.112). We interpret the age of 742 ± 13 Ma as the crystallization age of the precursor granite to the Hofmeir Gneiss, while the two younger rims of 536 ± 10 Ma document the thermal/metamorphic event responsible for the formation of the gneiss.
Nyamadzi Shear Zone
Sample SZ16 (Pelitic Migmatite)
[35] Very few zircon were recovered from the migmatitic paragneiss. One zircon was analyzed, which consists of a small igneous core, surrounded by a thin, dark CL, low Th/U rim ( Figure 6 and Text S1 and Table 2 ). The core yielded a slightly discordant Pb/ 206 Pb age of 1942 ± 5 Ma. With only two analyses on a single zircon available for this sample, it is not reasonable to assign a geological context to these ages.
Sample SZ23 (Mtanzi Gneiss)
[36] All zircon in this sample has igneous features ( Figure 6 and Text S1) and form a concordant age cluster with a concordia age of 1008 ± 17 Ma (MSWD = 1.7) (Table 2 and Figure 8 ). We interpret this age to be the best estimate of the crystallization age of gneiss protolith. 4.3.3. Sample SZ25c (Ultramylonitic Porphyritic Granite)
[37] All of the zircon grains have igneous characteristics (Figure 6 and Text S1), and despite the intense mylonitization experienced by this sample, all eight analyzed zircon are concordant and have not experienced Pb loss. The data define a concordia age of 1023 ± 12 Ma (MSWD = 0.087; Figure 8 and Table 2 ), which we interpret to be the age of crystallization of the granitoid. 4.3.4. Sample SZ26 (Nyamadzi Gneiss)
[38] Most zircon in this sample are complex ( Figure 6 and Text S1), showing core and rim relationships. The core regions can generally be interpreted to have formed from an igneous precursor, but their irregular shape suggest they are detrital grains having been overgrown by metamorphic zircon rims during a later metamorphic episode (Text S1). Seventeen analyses were conducted, including core-rim pairs ( Table 2 ). The detrital igneous cores, plus most sector-zoned rims, provide a range of variably discordant Paleoproterozoic ages that can be regressed to an upper intercept of 1961 ± 31 Ma suggesting that the grains were sourced from a relatively homogeneous igneous source. Three low Th/U rims plot in a concordant cluster corresponding to a concordia age of 1956 ± 14 Ma (MSWD = 0.71) (Figure 8 and Table 2 ) and which may represent an early metamorphic event experienced by this gneiss or that these grains were sourced from rocks which had experienced a circa 1956 Ma metamorphic event. The age of these potential metamorphic zircon rims are within error of low Th/U zircon rims recorded in sample SZ16. The lower intercept of 940 ± 220 Ma (MSWD = 2.6, Figure 8 ) is within error of a single low Th/U rim analysis ( Table 2) that yields a concordant 207 Pb/ 206 Pb age of 1065 ± 13 Ma. 4.3.5. Sample SZ27 (Wutepo Gneiss)
[39] All zircon are interpreted to be of igneous origin ( Figure 6 and Text S1) but the age data clearly define two groups with tightly constrained and different 206 Pb/ 238 U ratios ( Figure 8 and Table 2 ). One group has a concordia age of 647 ± 11 Ma (MSWD = 0.95) and the other a concordia age of 555 ± 11 Ma (MSWD = 2.6) (Figure 8 ). There is no clear systematic relationship between age or zircon character and thus it is possible that the younger group represent zircon grains that have undergone Pb loss during a metamorphic event at circa 555 Ma. The older circa 647 Ma age group most likely represent the age of crystallization of the gneiss protolith. [40] Most grains display concentrically zoned igneous cores overgrown by high-CL rims ( Figure 6 and Text S1). The data from core and rim do not define statistically distinctive age groups, and all data define a weighted mean 207 Pb/ 206 Pb age of 1049 ± 14 Ma (MSWD = 1.6) ( Figure 9 and Table 2 ). Considering that the rims do not have low Th/U contents that are considered characteristic of growth during metamorphism we suggest they grew during a late stage of igneous crystallization. The core analyses define a more precise concordia age of 1046 ± 4 Ma (MSWD = 0.90) which we interpret to be the age of crystallization of the granitoid.
Sample CHP2c (Syenite)
[41] All zircon grains are interpreted to be of magmatic origin (Figure 6 and Text S1) and have coherent 207 Pb/ 206 Pb ratios. All seven grains regress to an upper intercept of 1050 ± 7 Ma with a lower intercept demonstrating recent Pb loss (MSWD = 0.50; Figure 9 and Table 2 ). We take this upper intercept age as the best estimate for the crystallization of the syenite. 4.4.3. Sample CHP3 (Lunkwakwa Syenite)
[42] All grains are interpreted to be igneous in origin ( Figure 6 and Text S1) and all four analyzed zircon define a concordant cluster ( Figure 9 and Table 2 ) corresponding to a concordia age of 543 ± 6 Ma (MSWD = 1.11), taken to represent the age of crystallization of the syenite. 4.4.4. Sample CHP4a (Madzimoyo Charnockite)
[43] All grains are interpreted to be of igneous origin (Text S1). One of six analyzed zircon gives a concordant 207 Pb/ 206 Pb age of 1949 ± 12 Ma, whereas the five other analyses define a concordant age group with a concordia age 1076 ± 6 Ma (MSWD = 0.80; Figure 9 and Table 2 ). We consider the latter age to represent the time of crystallization of protolith of the charnockite, whereas the older zircon is interpreted as a xenocryst.
Sample CHP4b (Madzimoyo Xenolith)
[44] All zircon grains in this sample have igneous features (Text S1). Seven of the grains define a linear Pb loss trend that has an upper intercept at 1974 ± 18 Ma and a lower intercept at 749 ± 270 Ma (MSWD = 0.50; Figure 9 and Table 2 ). Three of the most concordant grains provide a concordia age of 1977 ± 11 Ma (MSWD = 0.036) ( Figure 9 and Table 2 ) that we take as the best estimate for the igneous crystallization age of the xenolith. 4.4.6. Sample CHP 5 (Madzimoyo Charnockite)
[45] The zircon grains extracted from this sample display complex zonation patterns indicative of igneous cores surrounded by low Th/U metamorphic rims (Text S1). Many grains contained very high common Pb ( 204 Pb) and so the analysis of these grains was aborted. One core region, presumably of magmatic origin, provided an extremely discordant 207 Pb/ 206 Pb age of 1813 ± 104 Ma which can be taken as a minimum age estimate for the crystallization of this core (Figure 9 ). Three low Th/U rims are also variably discordant but the most concordant point defines a 207 Pb/ 206 Pb age of 1047 ± 20 Ma ( Figure 9 and Table 2 ), which can be taken as a minimum estimate of crystallization of the low Th/U rims during a metamorphic event affecting the granulite. Given the paucity of zircon in this sample, a more detailed determination of the age of metamorphic zircon growth awaits further work. 4.4.7. Sample CHP6a (Leopard Granite)
[46] All zircon in this sample are interpreted to be of igneous origin (Figure 6 and Text S1) with six of the seven zircon analyzed defining a concordia age of 1038 ± 7 Ma (MSWD = 0.92; Figure 9 and Table 2 ) which we interpret to be the age of crystallization of the granite.
Sample CHP8 (Porphyritic Granite)
[47] All zircon are interpreted to be of igneous parentage ( Figure 6 and Text S1). Two of the eight analyzed zircon provide ages outside the main age population and are interpreted to be of xenocrystic origin (Table 2 Pb age of 1061 ± 13 Ma (MSWD = 0.78). The latter age is interpreted to be the age of crystallization of the granite. 4.4.9. Sample CHP10 (Knob Hill Granite)
[48] Although most zircon consist of cores and rims ( Figure 6 and Text S1), there is no apparent age difference between them (Table 2) [49] Zircon from this sample also show complex relationships consistent with recrystallization of the protolith igneous grains (Figure 6 and Text S1). The data for seven analyzed grains range from near concordant to very discordant, but six data points define a regression line with upper intercept of 1950 ± 67 Ma and lower intercept at 851 ± 140 Ma (MSWD = 2.3, Figure 10 ). We take this upper intercept as the best age estimate for crystallization of the igneous protolith, while the lower intercept of 851 ± 140 Ma provides an imprecise estimate for the timing of the migmatization event. 4.4.11. Sample CHP12 (Porphyritic Granite)
[50] All zircon from this sample are interpreted to be igneous in origin (Text S1) and nine of the ten zircon analyzed define a concordia age of 1038 ± 9 Ma (MSWD = 0.04; Figure 10 and Table 2 ), which we take to represent the age of crystallization of the granite. 4.4.12. CHP13 (Porphyritic Granite)
[51] The zircon from this sample are interpreted to be of igneous origin (Text S1) but only five grains were analyzed due to high common Pb contents. Four grains define a tight set of 207 Pb/ 206 Pb ratios and have a weighted mean age of 1058 ± 34 Ma (MSWD = 1.3; Figure 10 and Table 2 ) and one grain of xenocrystic origin has a highly discordant age of 1466 ± 42 Ma, but little can be attached to this age.
Discussion
[52] Twenty-seven new U-Pb zircon SHRIMP crystallization ages, six metamorphic ages and a host of inherited zircon ages provide a wealth of data that for the first time allow the definition of a coherent tectonomagmatic history for the Southern Irumide Belt and permit direct comparison with the Irumide Belt to the north. Figure 11 shows the relative temporal and spatial distributions of these rocks, including those dated by LA-ICP-MS (Mapani et al., submitted manuscript, 2006) and those within the Che-wore-Rufunsa Terrane [Oliver et al., 1998; Goscombe et al., 2000; Johnson and Oliver, 2004; Johnson et al., 2006a Johnson et al., , also submitted manuscript, 2006 Mapani et al., submitted manuscript, 2006] (Table 1) . Without geochemical or tracer isotopic analyses, it is inappropriate to propose a tectonic origin, but a comparison of these ages with the age distribution of inherited and detrital zircon from all of the SIB lithologies (Figure 12c) indicates that 1970 -1950 Ma lithologies characterize the SIB basement in all three terranes. In the Chewore-Rufunsa Terrane, where a larger number of inherited grains has been analyzed, 1970 -1950 Ma zircon predominate, but a minor Archaean component has also been identified at circa 2.6 Ga and 2.9 Ga (Figures 11 and 12c) [Goscombe et al., 2000; Johnson et al., 2006a Johnson et al., , also submitted manuscript, 2006 Mapani et al., submitted manuscript, 2006] ; three grains with circa 2.6 Ga ages have also been dated from the Luangwa-Nyimba Terrane metasediments in this study and from the study of Mapani et al. (submitted manuscript, 2006) and from zircon cores extracted from basement Figure 10 . Tera-Wasserburg U-Pb Concordia diagrams for the Chipata Terrane samples. A detailed description of zircon morphology and data regression can be found in Text S1. Figure 11 . Time versus space diagram showing the distribution and tectonomagmatic events associated with the various SIB terranes and the IB. Igneous crystallization, detrital-inherited, and metamorphic zircon ages are from this study, the LA-ICPMS study of Mapani et al. (submitted manuscript, 2006) and Cox et al. [2002] , and other sources that are summarized by Johnson et al. [2005] . Data for the IB are from De Waele [2005] .
gneisses (sample i-8 on Figure 2 ) [Cox et al., 2002] . Furthermore, in situ Lu-Hf isotopic measurements of five inherited zircon grains from the Chewore-Rufunsa Terrane, ranging in age from 2178 Ma to 1938 Ma, have predominantly juvenile isotopic signatures (e Hf(t) = +2.9 to -3.7) indicating that crust formation at this time was dominated by juvenile mantle-derived magmatic processes, i.e., arc magmatism rather than crustal recycling [Johnson et al., Figure 12 . Probability density distributions (PPD) and histograms [after Sircombe, 2004] of all highprecision U-Pb zircon ages from the SIB and IB. Light gray PPDs represent the crystallization ages for rocks, whereas the dark gray PPDs represent the ages of xenocrystic or detrital zircon included either within the igneous rocks or from metasedimentary lithologies. Histograms are only shown for the igneous rock crystallization ages and were calculated with a bin size of 50 million years. Only data within 10% of concordia (i.e., 90-110%) have been used to plot the PPDs. Data for the SIB are taken from this study, Goscombe et al. [2000] , and Johnson et al. [2006a Johnson et al. [ , also submitted manuscript, 2006 ; these data are also summarized by Johnson et al. [2005] . [Johnson et al., 2006a [Johnson et al., , also submitted manuscript, 2006 . All the SIB terranes appear to be underlain by basement with a restricted age distribution between 1970 and 1950 Ma, suggesting that the entire SIB formed, and remained, as a coherent tectonic unit throughout the Paleoproterozoic and Mesoproterozoic. This is contrary to the conclusions of Mapani et al. [2001 Mapani et al. [ , 2004 , who suggested that the terranes formed as independent entities that were juxtaposed during late Mesoproterozoic accretionary orogenesis. A limited number of Paleoproterozoic low Th/U metamorphic rims identified in the Nyamadzi Shear Zone in samples of Nyamadzi Gneiss (SZ26) and surrounding a single detrital grain in a pelitic migmatite (SZ16), suggest that some of these basement lithologies were subjected to a thermal event at circa 1950 -1940 Ma, but more data are needed to confirm this. Within the metasedimentary lithologies, the youngest dated detrital zircon are close to the age of the three Paleoproterozoic rocks identified in this study and of the main age peak defined by the inherited zircon, suggesting that the sediments were derived locally from the underlying basement; however, their age of deposition remains poorly constrained, between the age of the youngest detrital zircon of circa 1950 Ma and the age of migmatization at circa 1060 Ma.
Mesoproterozoic Magmatism and Metamorphism
[54] Apart from the circa 1393 Ma Chewore Ophiolite [Oliver et al., 1998 ] within the Chewore-Rufunsa Terrane, there appears to have been little if any magmatic activity in the SIB from circa 1730 Ma, the age of the youngest inherited zircon within the Chewore-Rufunsa Terrane [Goscombe et al., 2000] , until the onset of voluminous magmatism at circa 1090 Ma (Figure 11 ) [Goscombe et al., 2000; Johnson and Oliver, 2004; Johnson et al., 2006a Johnson et al., , also submitted manuscript, 2006 Mapani et al., submitted manuscript, 2006] . In the C-R Terrane, this period of magmatism is constrained between circa 1090 Ma and 1040 Ma [Goscombe et al., 2000; Johnson and Oliver, 2004; Johnson et al., 2006a Johnson et al., , also submitted manuscript, 2006 ]. An almost identical age range is observed from the Petauke-Sinda and Chipata terranes, 1076 -1038 Ma (Figures 11 and 12c) , although in the Nyamadzi Shear Zone two slightly younger granitoids, with ages of circa 1023 Ma (SZ25c) and circa 1008 Ma (SZ23) have been identified. Detailed geochemical and isotopic data from the Chewore-Rufunsa Terrane on these late Mesoproterozoic calc-alkaline volcano-plutonic rocks reveal trace and REE patterns similar to present-day suprasubduction magmas, but their isotopic compositions indicate that they have been heavily contaminated by a relatively isotopically uniform, mid-Paleoproterozoic continental crust [Johnson et al., 2006a [Johnson et al., , also submitted manuscript, 2006 . These lithologies most likely formed in a continental margin arc setting Oliver, 2000, 2004; Johnson et al., 2006a Johnson et al., , also submitted manuscript, 2006 . The synchronicity of magmatism throughout the SIB suggests that it was linked to a common tectonomagmatic process, although without detailed geochemical and isotopic data from the Petauke-Sinda and Chipata Terrane rocks, this assumption remains speculative. The possibility that the Chewore-Rufunsa Terrane, or even the entire SIB, faced an open ocean throughout the Mesoproterozoic is supported by the presence of the circa 1393 Ma Chewore Ophiolite; however, the apparent lack of any magmatic activity in the SIB throughout the entire early to mid-Mesoproterozoic, suggests that most oceanic subduction must have occurred within intraoceanic arcs.
[55] Even though most of these Mesoproterozoic rocks have been extensively reworked during the NeoproterozoicCambrian it is evident that some lithologies have locally experienced a period of pre-Pan African (>570 Ma) granulite-facies metamorphsim. Petrological work [Goscombe et al., 1998; Schenk and Appel, 2001] has demonstrated that metamorphism developed under high-temperature (>800°C)/low-pressure (<4.5 kbar) conditions, and dating of metamorphic zircon [Goscombe et al., 2000] and monazite [Schenk and Appel, 2001] , suggests that this metamorphic episode was synchronous with magmatism at circa 1050 Ma. Our new metamorphic age data obtained from similar high-temperature migmatites and granulites confirm this observation and indicate metamorphism between 1065 Ma and 1047 Ma (NY82, SZ26 and CHP5) ( Table 1 and Figures 11 and 12d) . The synchronicity of hightemperature/low-pressure metamorphism with the intrusion of large voluminous plutonic bodies suggests a scenario involving magma loading in the upper to midcrustal levels of a continental margin arc [Schenk and Appel, 2001] . 5.1.3. Neoproterozoic Pre-and Post-Pan African Magmatism and Metamorphism
[56] Three rocks from the Petauke-Sinda Terrane and the Nyamadzi Shear Zone have yielded mid-Neoproterozoic crystallization ages, the Hofmeir Gneiss (PS78) at 742 ± 13 Ma, a deformed porphyritic granite (PS71b) at 720 ± 12 Ma and the Wutepo Gneiss (SZ27) at 647 ± 11 Ma (Table 1 and Figures 2, 7 , and 8). All three ages are well constrained and the zircon morphology and Th/U ratios are consistent with a magmatic origin. Currently these are the only known magmatic rocks of this age in this region, and their volume, geographic extent and tectonomagmatic origin remain uncertain, especially in the absence of any geochemical or isotopic information. However, it is interesting to note that the deformed porphyritic granitoid (PS71) occurs in close association with the potentially rift-related andesitic Sasare volcanics and sediments [Barr and Drysdall, 1972] for which there are no robust age constraints, except that they are younger than circa 1043 Ma, the age of the porphyritic granitoid (PS65) which they unconformably overlie. There is increasing evidence to suggest the presence of a wide oceanic tract, the Zambezi Ocean, between the CTB and Kalahari Cratons during Neoproterozoic time [John et al., , 2004 Johnson et al., 2005] but little evidence to suggest when this ocean may have formed. Various rift sequences, containing either bimodal or mafic volcanics occur in the Zambezi, Lufilian, and Damara belts. In the Zambezi Belt this magmatism has been dated at circa 880 Ma [Johnson et al., 2006b [Johnson et al., , 2006 while in the Lufilian Belt, mafic lavas which form the base of the Mwashya-Nguba-Kundelungu strata have been dated at circa 765 Ma [Key et al., 2001] . Without resorting to wild extrpolation, it is possible that the mid-Neoproterozoic magmatic activity recorded here may be related to localized or even far-field extensional stresses associated with such rifting events.
[57] Both the Hofmeir and Wutepo gneisses (PS78 and SZ27) contain late Neoproterozoic metamorphic zircon (Table 1 and Figures 6 and 8 ) that are indistinguishable in age from those in the Zambezi and Lufilian belts (data summarized by Johnson et al. [2005] ). This event, known as the Damara-Lufilian-Zambezi orogeny, is interpreted to record the collision between the CTB and Kalahari Cratons with the subsequent closure of the Zambezi Ocean John et al., , 2004 Johnson et al., 2005] . These new metamorphic ages demonstrate that some parts of the SIB were reworked during this orogenic event at metamorphic grades high enough to allow the growth of new, metamorphic zircon. Without direct geochronological constraints (i.e., dating of metamorphic zircon rims), the age of intense shearing and development of the Nyamadzi Shear Zone is best constrained between circa 543 Ma, the youngest rock that it affects (CHP3), and the age of the oldest undeformed posttectonic syentic stock that seals the sheardominated deformation, PS18 at circa 510 Ma (Table 1) . It is interesting to note that nearly all of the undeformed posttectonic syenites (510-474 Ma) lie within the bounds or along the margins of the shear zone itself, suggesting that the shear zone may have acted as a conduit for these magmas. Lithologies on either side of this shear zone have similar ages and basement sources and have been affected by the same Mesoproterozoic tectonomagmatic events suggesting that this shear zone does not represent a Mesoproterozoic or Neoproterozoic suture zone, but is best interpreted as a zone of intense, ductile reworking. This also leads to the conclusion that the SIB terranes represent different thrust nappes derived from a formally coherent SIB crustal block.
A Cryptic Suture
Between the Irumide Belt (in the Strictest Sense) and the Southern Irumide Belt?
[58] Figures 11 and 12 summarize the tectonic, magmatic and sedimentary history for the Irumide and Southern Irumide belts. Both belts apparently display broadly similar tectonic histories, i.e., Mesoproterozoic magmatism derived from a predominantly Paleoproterozoic basement; however, a critical examination of these data indicates major and distinct differences between the two belts:
[59] 1. The age of basement terranes, defined by the age of exposed basement and inherited zircon grains is different. The Irumide Belt is characterized by a basement that is generally older than 2.0 Ga (based on 17 inherited zircon and 5 rocks) [De Waele, 2005] whereas the SIB has a relatively restricted age range that is younger than 2.0 Ga (40 inherited zircon and 3 rocks). The Irumide Belt contains a considerable number of middle to late Paleoproterozoic plutonic rocks (circa 1.8-1.55 Ga) [De Waele, 2005; De Waele et al., 2006] that are not present in the SIB. The isotopic characteristics of these basement terranes are also dissimilar. The Paleoproterozoic rocks of the SIB have predominantly juvenile isotopic compositions, whereas all of the Paleoproterozoic and Mesoproterozoic magmatic intrusions in the IB have highly enriched isotopic compositions, having formed by the direct recycling of a uniform Archaean basement [De Waele et al., 2006] .
[60] 2. The style of Mesoproterozoic magmatism and metamorphism between the two belts is also distinctly different. The SIB is characterized by continental margin arc magmatism (at least in the Chewore-Rufunsa Terrane) between circa 1090 -1040 Ma and was accompanied by high-temperature (>850°C)/low-pressure (<4 kbar) metamorphism [Goscombe et al., 1998; Schenk and Appel, 2001] (Figure 12d ). Metamorphism does not appear to have been accompanied by any significant compressional tectonism and is most likely related to magma loading in the upper crustal portions of the continental margin arc. Therefore this metamorphic event is not part of the collisionrelated Irumide orogeny. Conversely, magmatism in the IB is characterized by granitoids with crustally recycled geochemical and isotopic signatures (S-type magmas) [De Waele et al., 2006] . Magmatism was also accompanied by moderate-temperature (800°C)/moderate-pressure (8 kbar) compressional tectonometamorphism [De Waele, 2005] (Figure 12b ).
[61] 3. The timing of tectonometamorphism and magmatism is also very distinct. Continuous subduction-related magmatism in the SIB until circa 1040 Ma suggests that subduction of oceanic crust occurred until that time. The apparent switching off of subduction magmatism in the SIB and the initiation of compression, and S-type magmatism in the IB (i.e., the Irumide orogeny) between circa 1040-1020 Ma (with peak metamorphism and magmatism occurring at 1020 Ma) suggests that ocean closure and the initiation of collision began during this time period.
[62] These data indicate that the tectonomagmatic character of the two belts is not identical and permit the interpretation that they may have formed independently of each other before juxtaposition during the Mesoproterozoic. The contact between the two belts is occupied by PermoTriassic rift basins and so the identification of potential suture zone rocks such as ophiolites and exotic fragments is unfortunately not possible. The data presented here, and reported for the Irumide Belt [De Waele et al., 2003; De Waele, 2005; De Waele et al., 2006] and the CheworeRufunsa Terrane [Oliver et al., 1998; Goscombe et al., 2000; Oliver, 2000, 2004; Johnson et al., 2005 Johnson et al., , 2006a Johnson et al., , also submitted manuscript, 2006 , are consistent with a scenario in which arc magmatism in the SIB was related to the subduction of oceanic crust under the northern margin (present-day coordinates) of an unknown continent or continental fragment. Arc magmatism ceased with the closure of this ocean and collision between the SIB continental margin with the southern margin of the CTB craton, i.e., the Bangweulu Block, heralding the start of the Irumide orogeny between circa 1040 -1020 Ma. We suggest that the formation of the Neoproterozoic Zambezi Ocean in the interval circa 880-720 Ma caused the rifting of this orogen leaving behind a thin vestige (i.e., the SIB) of the unknown craton. Collisional orogenesis during the Zambezi Orogeny caused significant reworking, thrusting and shearing of the SIB generating its current architecture, possibly in part by reactivation of preexisting faults and shear zones. Remote sensing and aeromagnetic data suggest that the Mwembeshi Shear Zone (MSZ; Figures 1 and 4) , also a late Neoproterozoic to Cambrian structure located between the Zambezi and Lufilian belts, may have exploited the former suture between the SIB and IB.
Conclusions
[63] New U-Pb SHRIMP zircon ages for the SIB support, and also redefine, the original terrane subdivisions proposed by Mapani et al. [2001 , 2004 , also Mapani et al., submitted manuscript, 2006 . The data provide a robust tectonomagmatic history for this belt and which, for the first time, allow for direct comparison with the adjacent IB. The data suggest that (1) all terranes in the SIB formed on a late Paleoproterozoic basement (circa 1970 (circa -1950 , (2) the main phase of Mesoproterozoic magmatism occurred within a relatively short time interval between circa 1090 -1040 Ma, and (3) high-temperature, low-pressure metamorphism was synchronous with this late Mesoproterozoic magmatic event. These data are in contrast to those from the Irumide Belt, which has a predominantly late Paleoproterozoic basement characterized by ages older than 2.0 Ga with a cryptic Archaean component. Late Paleoproterozoic to early Mesorpoterozoic magmatic intrusions (circa 1.8 -1.55 Ga) within the IB have not been identified in the SIB, and synmagmatic compressional metamorphism occurred after the cessation of magmatism in the SIB (i.e., at circa 1020 Ma). Taken together, these data indicate that the SIB is not the southerly continuation or direct correlative of the IB. Our preferred interpretation is that Mesoproterozoic magmatism in the SIB formed as part of a continental margin arc on the northern margin (present-day coordinates) of an unknown continent that, upon closure of the intervening ocean, collided with the CTB Craton margin (Bangweulu Block in our area) causing cessation of circa 1090-1040 Ma arc magmatism in the SIB and initiating collisional deformation and magmatism in the IB (i.e., the Irumide orogeny).
[64] Mid-Neoproterozoic intrusions in the SIB may potentially record rifting processes related to the breakup of this orogen, and numerous metamorphic zircon indicate that parts of the SIB were deformed and metamorphosed at moderate to high metamorphic grades during the DamaraLufilian-Zambezi orogeny, i.e., during the assembly of Gondwana at circa 550-520 Ma. These events were most likely partitioned along preexisting planar zones of weakness (shears and thrust boundaries) resulting in the presentday architecture of the SIB as a series of stacked terranes, one of which, the Nyamadzi Shear Zone, has been exploited by voluminous posttectonic granitoid batholiths.
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